Introduction {#sec1}
============

Annatto is a natural colorant used for dying the yellow to orange color of cheddar cheese and has been widely used for coloring other foodstuffs such as sausage, salmon, candy, confectionery, beverage, butter and margarine, and even for cosmetics.^[@ref1]^ The annatto colorant is extracted from the seed of the tropical bush *Bixa orellana*, which is ubiquitous in a large part of South America. The seed contains ∼5% of the colorant, which mostly comprises carotenoids, and 80% of that is bixin.^[@ref2]^ Bixin is hydrolyzed during extraction with alkaline aqueous solution to give norbixin **1**, which shows the structural feature of a conjugated polyene acid; this endows the natural dye with antioxidant and antimicrobial activities.^[@ref3]^ Unlike the general belief that this red pigment has good water solubility, it is only sparsely soluble in water, which allowed the isolation of the polar carotenoid by extraction from an aqueous acidic solution.^[@ref4]^

The organic synthesis of norbixin ethyl ester **2** was reported by the Wittig olefination of C~20~ crocetin dialdehyde **4** with phosphorus ylide **3** (79% yield),^[@ref5]^ derived from ethyl bromoacetate (**5c**) ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}). However, preparation of the fully conjugated crocetin dialdehyde **4**([@ref6]) was even more challenging, and the best yield so far was only 21--24% from furan.^[@cit6b]^ We demonstrated that C~20~ dialdehyde **6**, which can be succinctly prepared by double allylic oxidation of the coupling product between geranyl sulfone and geranyl bromide (54% yield in five steps from geraniol), is an excellent substitute for the fully conjugated version **4** in the sulfone olefination protocol.^[@ref7]^ It was thus envisioned that the sulfone-mediated olefination between α-benzenesulfonyl ester **5a**([@ref8]) and C~20~ dial **6** would produce norbixin ester or norbixin. Unfortunately, the bulky and stabilized ester enolate of **5a** or **5b**([@ref9]) containing phenyl sulfide did not produce any coupling product with C~20~ dialdehyde **6**. Searching for a proper anion-stabilizer X, which would induce the coupling reaction with aldehydes and also serve as a leaving group in the next stage, ethyl bromoacetate (**5c**) itself was investigated for the olefination with C~20~ dial **6**.

![Norbixin **1** and its ethyl ester **2** and their synthetic strategies.](ao-2019-00900a_0001){#fig1}

Results and Discussion {#sec2}
======================

Ethyl bromoacetate (**5c**) has been used as a nucleophile by activated zinc in the Reformatsky reaction,^[@ref10]^ in which bromine atom was used for the Zn-enolate formation of ester and removed during the coupling reaction with aldehydes. A strong metal-amide base was necessary to generate α-bromoenolate from **5c**, and the covalency of the counter metal--oxygen bond was also important to avoid epoxidation of the coupled bromohydrin product. The coupling reaction between **5c** and C~20~ dialdehyde **6** was carefully studied with a strong base with several counter metal ions ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}).

###### Optimization of the Coupling Reaction between Ethyl Bromoacetate (**5c**) and C~20~ Dial **6**

                                                                                                      yield (%)        
  ----------------------------------- -------- ------------------- ---------------------------------- ----------- ---- ---
  1                                   LDA                          --78 °C, 4 h                       46          13   7
  2                                   LiHMDS                       --78 °C, 4 h                       43          15   8
  3[b](#t1fn2){ref-type="table-fn"}   KHMDS                        --78 °C, 4 h                                         
  4[b](#t1fn2){ref-type="table-fn"}   LDA      BF~3~·OEt~2~        --78 °C, 4 h                                         
  5                                   LDA      (*i-*Pr~2~N)~2~Mg   --78 °C, 2 h then room temp. 4 h   76                
  6                                   LDA      MgBr~2~             --78 °C, 1 h then room temp. 5 h   77                

The reaction was carried out with 1 mmol of dialdehyde **6** and 5 equiv of ethyl bromoacetate (**5c**) and 5 equiv of the additive, where it is applicable.

No reaction, and starting dial **6** was recovered.

The enolate generated from **5c** by LDA reacted with **6** at −78 °C to give the desired bromohydrin **7** in 46% yield together with mono- and diepoxide products **8** and **9** in 13% and 7% yields, respectively ([Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"} and [Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entry 1). Even though only one monoepoxide product **8** was shown in [Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"} for clarity, the other monoepoxide might be formed. These products, **7**, **8**, and **9**, were separable in thin-layer chromatography, but full characterization of each peak in ^1^H NMR spectra was difficult due to the presence of stereoisomers from five chiral centers. Nevertheless, identification of each product was possible by confirmation of the ^1^H NMR peaks at 4.15−4.46 ppm for bromohydrin and at 3.42--3.53 ppm for epoxide (see ^1^H NMR spectra in [Supporting Information](http://pubs.acs.org/doi/suppl/10.1021/acsomega.9b00900/suppl_file/ao9b00900_si_001.pdf)). The result that α-bromine induced the coupling reaction of the ester enolate with aldehyde and survived for the next olefination reaction was a stimulating finding.

![Intermediate structures in norbixin synthesis from ethyl bromoacetate (**5c**) and C~20~ dial **6**.](ao-2019-00900a_0002){#fig2}

Optimization of the coupling reaction was necessary to decrease the epoxidation products **8** and **9** of the initial bromohydrin coupling product **7**, which did not produce norbixin under base-promoted elimination conditions. Almost the same result was obtained for the reaction utilizing less basic LiHMDS ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entry 2). It was interesting to note that no coupling product was obtained when potassium metal was used for the HMDS base (entry 3). Next, boron and magnesium enolates were produced by a metal-exchange reaction from the initially formed Li-enolate utilizing LDA and subjected to the coupling reaction with C~20~ dial **6**. When BF~3~·OEt~2~ was used to generate the B-enolate, the reaction did not provide any coupling products and dial **6** was recovered (entry 4). On the other hand, the Mg-enolate, which was generated either by (*i-*Pr~2~N)~2~Mg or by MgBr~2~, successfully produced the bromohydrin coupling product **7** exclusively in 76--77% yields without epoxidation even at room temperature (entries 5 and 6).

Olefination can be performed by OH-protection of bromohydrin **7**, followed by base-promoted elimination of all of the internal hetero-functional groups to provide the fully conjugated polyene diester. Methoxymethyl, 1-ethoxyethyl, and tetrahydropyranyl groups were generally used for the protection of the hydroxyl group in the double-elimination protocol.^[@ref11]^ Protection of bromohydrin **7** by ethyl vinyl ether with catalytic PPTS in CH~2~Cl~2~ produced 1-ethoxyethyl ether **10**, which underwent an elimination reaction by excess KOMe (30 equiv) in refluxing benzene and cyclohexane to directly produce norbixin **1** ([Figures [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"} and [2](#fig2){ref-type="fig"}). Hydrolysis of esters was accompanied by this olefination reaction.

The resulting potassium salt of norbixin was completely soluble in the alkaline solution. The reaction mixture was acidified, and organic byproducts were removed by thorough extraction with Et~2~O. Norbixin was then extracted with CH~2~Cl~2~ from the acidified aqueous solution. The undissolved red-brown solid in the aqueous layer, which was also identified as pure norbixin, was combined. The total yield of norbixin **1** was 82% (two steps from bromohydrin **7**), which was further purified by recrystallization from acetone or CH~2~Cl~2~. The efficient bromoacetate olefination protocol with C~20~ dial **6** thus provided norbixin **1** in 63% yield (three steps), which accounted for 35% of the overall yield (eight steps) from the beginning geraniol.

Synthesis of norbixin ethyl ester **2** was next challenged by the Julia--Kocienski olefination of novel benzothiazolyl (BT) sulfone **11** and C~10~ dialdehyde **12**([@ref12]) ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}). Julia--Kocienski olefination is the advanced version of the Julia sulfone olefination protocol, in which BT-sulfone (or tetrazol-5-yl sulfone) can be utilized in the coupling with aldehydes to directly produce the olefination products through the Smiles rearrangement instead of the three-step sequence of coupling, protection, and elimination of the original protocol.^[@ref13]^ Dienyl BT-sulfone **11** was designed for the quick assembly of the symmetrical conjugated polyenyl esters. The Wittig reaction of the reported C~5~ BT-sulfide **13**([@cit6d]) with phosphorus ylide **3**, prepared from ethyl bromoacetate (**5c**), produced the chain-extended C~7~ dienyl BT-sulfide **14** (91% yield). Oxidation of sulfide **14** by monoperphthalic acid, prepared in situ from phthalic anhydride and urea-H~2~O~2~ in acetonitrile, produced the corresponding all-(*E*)-dienyl BT-sulfone **11** (81% yield).

![Synthesis of Norbixin Ethyl Ester **2** by Julia--Kocienski Olefination](ao-2019-00900a_0003){#sch1}

Julia--Kocienski olefination of BT-sulfone **11** was sensitive to the reaction conditions, especially the selection of the base. LiHMDS, NaHMDS, KHMDS, *t-*BuOK, and Cs~2~CO~3~ were all no good in promoting Julia--Kocienski olefination with C~10~ dial **12**. However, DBU worked out well for this olefination as Blakemore reported in the synthesis of conjugated unsaturated esters from BT-sulfonyl acetate.^[@ref14]^ The Julia--Kocienski olefination of BT-sulfone **11** and C~10~ dialdehyde **12** was thus performed with DBU in CH~2~Cl~2~ at 25 °C to produce mostly the mono-olefination product **15**, in which an all-(*E*)-configuration was observed presumably due to the effective conjugation with an aldehyde. The best yield of **15** (70%) was obtained when 2 equiv of BT-sulfone **11** was used. The mono-olefination product **15** was still the major product (53% yield) even when 4 equiv of BT-sulfone **11** was used. Norbixin ethyl ester **2** was directly obtained in only 12% yield by double olefination in this case. The second Julia--Kocienski olefination of the mono-olefination product **15** and BT-sulfone **11** (2 equiv) with DBU as the base produced the all-(*E*)-norbixin ethyl ester **2** in 70% yield, which accounted for an overall yield of **2** of 36% in four steps from the conjugated aldehyde **13**.

Conclusions {#sec3}
===========

Two practical synthetic methods for norbixin **1** and its ethyl ester **2** were developed. Ethyl bromoacetate can be utilized in the olefination reaction with C~20~ dialdehyde **6** to produce C~24~ norbixin **1** through magnesium enolate, bromohydrin formation by coupling, and double eliminations of the protected hydroxyl groups and bromine atoms of the bromohydrin product. This protocol utilized an alcoholic base for elimination and induced the concomitant hydrolysis of esters, which fitted well with the direct preparation of norbixin. The overall yield of norbixin **1** was 35% in eight steps from readily available geraniol.

New C~7~ BT-sulfone **11** was devised for Julia--Kocienski olefination with C~10~ dialdehyde **12** to produce C~24~ norbixin ethyl ester **2**, in which DBU promoted the olefination under a mild condition without the hydrolysis of esters. Norbixin ethyl ester **2** was obtained in 36% yield after four steps from aldehyde **13**. These two concise and practical synthetic protocols enriched the synthetic repertoires of the polar functionalized carotenoids with wide biological and industrial applications.

Experimental Section {#sec4}
====================

General Experimental Methods {#sec4.1}
----------------------------

^1^H and ^13^C NMR spectra were respectively recorded on a 400 and 100 MHz NMR spectrometer in CDCl~3~ with tetramethylsilane as an internal reference unless noted otherwise. High-resolution mass spectroscopy was performed using a magnetic sector analyzer. Column chromatography was performed by the method of Still with silica gel 60 (70--230 mesh ASTM) using a gradient mixture of EtOAc/hexanes. Reactions were performed in a well-dried flask under an argon atmosphere unless noted otherwise.

### (4*E*,8*E*,12*E*,16*E*)-Diethyl 2,19-Dibromo-3,18-dihydroxy-4,8,13,17-tetramethyl-10-(phenylsulfonyl)icosa-4,8,12,16-tetraenedioate (**7**), Diethyl 3,3′-((2*E*,6*E*,10*E*,14*E*)-6,11-dimethyl-8-(phenylsulfonyl)hexadeca-2,6,10,14-tetraene-2,15-diyl)bis(oxirane-2-carboxylate) (**9**) {#sec4.1.1}

\[Method A\] To a stirred 1.0 M solution of lithium diisopropylamide in tetrahydrofuran (THF)/hexanes (7.0 mL, 6.84 mmol, 5.2 equiv) in THF (20 mL) at −78 °C, ethyl bromoacetate (**5c**) (0.73 mL, 6.57 mmol, 5 equiv) was slowly added. The mixture was stirred for 20 min, and a solution of dialdehyde **6** (582 mg, 1.32 mmol) in THF (10 mL) was added. The mixture was stirred at −78 °C for 4 h and quenched with 1 M HCl solution. The mixture was warmed to room temperature, extracted with EtOAc, washed with 1 M HCl solution, dried over anhydrous Na~2~SO~4~, filtered, and concentrated under reduced pressure. The crude product was purified by silica gel column chromatography to give bromohydrin **7** (470 mg, 0.61 mmol, 46% yield, *R~f~* = 0.40 in 40% EtOAc/hexane), monoepoxide **8** (117 mg. 0.17 mmol, 13% yield, *R~f~* = 0.50), and diepoxide **9** (60 mg, 0.098 mmol, 7% yield, *R~f~* = 0.58) as yellow oils.

\[Method B\] To a stirred 1.0 M solution of lithium diisopropylamide in THF/hexanes (4.8 mL, 4.79 mmol, 5.2 equiv) in THF (20 mL) at −78 °C, ethyl bromoacetate (**5c**) (0.51 mL, 4.61 mmol, 5 equiv) was slowly added. The mixture was stirred for 20 min, and magnesium bromide (882 mg, 4.79 mmol, 5.2 equiv) was added. Stirring was continued for 20 min at −78 °C and a solution of dialdehyde **6** (408 mg, 0.92 mmol) in THF (10 mL) was added. The mixture was stirred at −78 °C for 1 h, and then warmed to and stirred at room temperature for 5 h. The mixture was quenched with 1 M HCl solution, extracted with EtOAc, dried over anhydrous Na~2~SO~4~, filtered, and concentrated under reduced pressure. The crude product was purified by SiO~2~ flash column chromatography to give bromohydrin **7** (554 mg, 0.71 mmol) in 77% yield as a yellow oil.

Data for **7**: *R~f~* = 0.40 (2:3 EtOAc/hexane); ^1^H NMR δ = 1.18--1.36 (m, 6H), 1.54--1.66 (m, 12H), 1.94--2.20 (m, 8H), 2.30--2.44 (m, 1H), 2.70--2.86 (m, 1H), 3.70--3.86 (m, 1H), [4.15--4.46 (m, 8H)]{.ul}, 4.92--5.10 (m, 2H), 5.43--5.66 (m, 2H), 7.48--7.59 (m, 2H), 7.59--7.68 (m, 1H), 7.78--7.90 (m, 2H) ppm; IR (neat) ν = 3474, 2982, 2930, 1737, 1446, 1372, 1297, 1178, 1141, 1081, 1021, 865, 753, 693, 663, 604 cm^--1^; HRMS (FAB) calcd for C~34~H~45~Br~2~O~6~S \[C~34~H~49~Br~2~O~8~S--2H~2~O\] 739.1304, found 739.1310.

Data for **9**: *R~f~* = 0.58 (2:3 EtOAc/hexane); ^1^H NMR δ = 1.20--1.26 (m, 3H), 1.30 (t, *J* = 7.2 Hz, 6H), 1.45 (s, 3H), 1.47 (s, 3H), 1.56--1.62 (s, 3H), 1.92--2.20 (m, 8H), 2.28--2.44 (m, 1H), 2.82--2.92 (m, 1H), [3.42 (d,]{.ul}*[J]{.ul}*[= 2.0 Hz, 1H),3.43 (br s, 1H),3.50 (d,]{.ul}*[J]{.ul}*[= 1.6 Hz, 1H),3.53 (d,]{.ul}*[J]{.ul}*[= 2.0 Hz, 1H)]{.ul}, 3.75 (dt, *J*~d~ = 3.6, *J*~t~ = 10.4 Hz, 1H), 4.16--4.32 (m, 4H), 4.94--5.08 (m, 2H), 5.58--5.67 (m, 2H), 7.50--7.56 (m, 2H), 7.60--7.66 (m, 1H), 7.82--7.87 (m, 2H) ppm; IR (neat) ν = 2982, 2937, 1737, 1610, 1446, 1372, 1297, 1252, 1185, 1148, 1081, 1029, 865, 745, 693, 604 cm^--1^; HRMS (FAB) calcd for C~28~H~39~O~5~ \[C~34~H~46~O~8~S--PhSO~2~--H~2~O\] 455.2797, found 455.2803.

### (2*E*,4*E*,6*E*,8*E*,10*E*,12*E*,14*E*,16*E*,18*E*)-4,8,13,17-Tetramethylicosa-2,4,6,8,10,12,14,16,18-nonaenedioic acid: Norbixin (**1**) {#sec4.1.2}

To a stirred solution of bromohydrin **7** (437 mg, 0.56 mmol) in CH~2~Cl~2~ (25 mL) at 0 °C, pyridinium *p*-toluenesulfonate (28 mg, 0.11 mmol) and ethyl vinyl ether (1.60 mL, 16.80 mmol) were added. The mixture was slowly warmed to and stirred at room temperature for 12 h. The reaction mixture was diluted with CH~2~Cl~2~, washed with aqueous NaHCO~3~ solution, dried over anhydrous K~2~CO~3~, filtered, and concentrated under reduced pressure to give the corresponding 1-ethoxyethyl ether **10** (516 mg, 0.56 mmol) as an orange yellow oil.

To a stirred solution of 1-ethoxyethyl ether **10** in cyclohexane (20 mL) and benzene (20 mL), KOMe (1.18 g, 16.80 mmol, 30 equiv) was added. The mixture was heated at 80 °C for 18 h and cooled to room temperature. The mixture was quenched with 1 M HCl solution (pH ∼ 1) and extracted thoroughly with Et~2~O (60 mL × 3) to remove byproducts. The aqueous layer was then extracted with CH~2~Cl~2~ (60 mL × 3). Undissolved solids in the aqueous phase were filtered and dissolved in acetone. The organic phases (acetone and CH~2~Cl~2~ solutions) were mixed together, dried over anhydrous Na~2~SO~4~, filtered, and concentrated under reduced pressure to give norbixin **1** (175 mg, 0.46 mmol) in 82% yield in two steps from **7**, which was further purified by recrystallization from acetone as a dark red solid.

Data for **1**: mp \> 300 °C; ^1^H NMR (DMSO-*d*~6~) δ = 1.93 (s, 6H), 1.98 (s, 6H), 5.84 (d, *J* = 15.6 Hz, 2H), 6.41--6.51 (m, 2H), 6.60 (d, *J* = 14.8 Hz, 2H), 6.64 (d, *J* = 11.2 Hz, 2H), 6.72 (dd, *J* = 14.8, 11.2 Hz, 2H), 6.76--6.86 (m, 2H), 7.27 (d, *J* = 15.6 Hz, 2H) ppm; ^13^C NMR (DMSO-*d*~6~) δ 11.9, 12.0, 116.7, 124.3, 130.9, 132.9, 134.2, 136.3, 138.5, 140.9, 147.6, 167.2 ppm; IR (neat) ν = 2915, 1670, 1610, 1558, 1424, 1312, 1282, 1260, 1193, 1141, 1006, 954, 857, 827, 775, 708, 619, 559, 477, 425 cm^--1^; HRMS (FAB) calcd for C~24~H~28~O~4~ 380.1988, found 380.1993.

### (2*E*,4*E*)-Ethyl 6-(Benzo\[*d*\]thiazol-2-ylthio)-4-methylhexa-2,4-dienoate (**14**) {#sec4.1.3}

To a stirred suspension of (2-ethoxy-2-oxoethyl)triphenylphosphonium bromide (14.60 g, 34.01 mmol) in THF (100 mL), 60% NaH (1.95 g, 48.75 mmol) was added under an argon atmosphere. The mixture was stirred vigorously at room temperature for 1 h and a solution of aldehyde **13** (8.00 g, 32.08 mmol) in THF (20 mL) was added. The mixture was stirred for 24 h, diluted with EtOAc, and quenched with 10% NH~4~Cl. The organic layer was dried over anhydrous Na~2~SO~4~, filtered, and concentrated under reduced pressure. The crude product was purified by column chromatography (SiO~2~, eluting with 10--25% EtOAc in hexanes) to give ester **14** (9.32 g, 29.18 mmol) in 91% yield as a light-yellow viscose liquid.

Data for **14**: *R~f~* = 0.68 (1:4 EtOAc/hexane); ^1^H NMR δ = 1.27 (t, *J* = 7.2 Hz, 3H), 1.90 (d, *J* = 0.8 Hz, 3H), 4.14 (d, *J* = 8.4 Hz, 2H), 4.19 (q, *J* = 7.2 Hz, 2H), 5.89 (d, *J* = 15.6 Hz, 1H), 6.09 (dt, *J*~d~ = 0.8 Hz, *J*~t~ = 8.4 Hz, 1H), 7.29 (d, *J* = 15.6 Hz, 1H), 7.25--7.30 (m, 1H), 7.37--7.42 (m, 1H), 7.70--7.74 (m, 1H), 7.84--7.88 (m, 1H) ppm; ^13^C NMR δ = 12.2, 14.1, 31.2, 60.1, 118.0, 120.8, 121.4, 124.2, 125.9, 133.2, 135.3, 136.4, 147.7, 152.9, 165.3, 166.7 ppm; IR (neat) ν = 3060, 2992, 1706, 1623, 1458, 1394, 1302, 1235, 1170, 990, 848, 755 cm^--1^; HRMS (FAB) calcd for C~16~H~18~NO~2~S~2~ 320.0079, found 320.0075.

### (2*E*,4*E*)-Ethyl 6-(Benzo\[*d*\]thiazol-2-ylsulfonyl)-4-methylhexa-2,4-dienoate (**11**) {#sec4.1.4}

The mixture of urea--H~2~O~2~ (6.80 g, 72.29 mmol) and phthalic anhydride (5.35 g, 36.12 mmol) was stirred in MeCN (70 mL) for 2 h. A solution of sulfide **14** (3.30 g, 10.33 mmol) in MeCN (15 mL) was added to the above mixture in a cold-water bath. The mixture was stirred at room temperature for 20 h, and most of the solvent was removed under reduced pressure. The crude product was dissolved in CHCl~3~, washed with water, dried over anhydrous Na~2~SO~4~, filtered, and concentrated under reduced pressure. The crude product was purified by SiO~2~ flash column chromatography (10--50% EtOAc in hexane) to give sulfone **11** (2.95 g, 8.39 mmol) in 81% yield as an off-white solid.

Data for **11**: *R~f~* = 0.46 (2:1 EtOAc/hexane); mp: 120--122 °C; ^1^H NMR δ = 1.29 (t, *J* = 7.2 Hz, 3H), 1.76 (d, *J* = 1.2 Hz, 3H), 4.20 (q, *J* = 7.2 Hz, 2H), 4.44 (d, *J* = 8.4 Hz, 2H), 5.87 (dt, *J*~d~ = 0.8 Hz, *J*~t~ = 8.4 Hz, 1H), 5.89 (d, *J* = 15.6 Hz, 1H), 7.26 (d, *J* = 15.6 Hz, 1H), 7.58--7.68 (m, 2H), 8.00--8.04 (m, 1H), 8.21--8.25 (m, 1H) ppm; ^13^C NMR δ = 12.7, 14.2, 54.8, 60.6, 120.1, 122.0, 122.4, 125.4, 127.8, 128.2, 136.9, 142.0, 146.5, 152.6, 165.3, 166.6 ppm; IR (neat) ν = 2982, 1710, 1623, 1466, 1414, 1394, 1300, 1234, 1146, 1023, 903, 854, 756 cm^--1^; HRMS (ESI) calcd for C~16~H~17~NO~4~S~2~Na 374.0491, found 374.0494.

### Ethyl (2*E*,4*E*,6*E*,8*E*,10*E*,12*E*)-4,8,13-Trimethyl-14-oxotetradeca-2,4,6,8,10,12-hexaenoate (**15**) {#sec4.1.5}

To a stirred solution of sulfone **11** (2.55 g, 7.26 mmol, 2.0 equiv) and C~10~ dialdehyde **12** (0.60 g, 3.65 mmol) in CH~2~Cl~2~ (50 mL), DBU (1.38 g, 9.10 mmol) was slowly added under an argon atmosphere. The mixture was stirred at room temperature for 12 h and quenched with 10% NH~4~Cl solution. The mixture was extracted with CH~2~Cl~2~, dried over anhydrous Na~2~SO~4~, filtered, and concentrated under reduced pressure. The crude product was purified by SiO~2~ flash column chromatography (5--15% EtOAc in hexanes) to give the monocoupled product **15** (0.77 g, 2.56 mmol) in 70% yield as a deep-red powder.

Data for **15**: *R~f~* = 0.38 (1:4 EtOAc/hexane); mp: 148--150° C; ^1^H NMR δ = 1.31 (t, *J* = 7.2 Hz, 3H), 1.90 (s, 3H), 1.97 (s, 3H), 2.05 (s, 3H), 4.23 (q, *J* = 7.2 Hz, 2H), 5.93 (d, *J* = 16.0 Hz, 1H), 6.39 (d, *J* = 11.6 Hz, 1H), 6.51 (d, *J* = 11.6 Hz, 1H), 6.52 (d, *J* = 14.8 Hz, 1H), 6.75 (dd, *J* = 14.8, 11.6 Hz, 2H), 6.97 (d, *J* = 11.6 Hz, 1H), 7.03 (dd, *J* = 14.8, 11.6 Hz, 1H), 7.38 (d, *J* = 16.0 Hz, 1H), 9.47 (s, 1H) ppm; ^13^C NMR δ = 9.6, 12.7, 13.0, 14.3, 60.3, 117.3, 126.3, 128.7, 133.1, 134.9, 137.1, 137.6, 138.6, 140.7, 140.8, 148.4, 148.5, 167.3, 194.5 ppm; IR (neat) ν = 2977, 2915, 2803, 2708, 1740, 1660, 1587, 1442, 1376, 1303, 1170, 975, 835 cm^--1^; HRMS (ESI) calcd for C~19~H~24~O~3~Na 323.1618, found 323.1621.

### Diethyl (2*E*,4*E*,6*E*,8*E*,10*E*,12*E*,14*E*,16*E*,18*E*)-4,8,13,17-Tetramethylicosa-2,4,6,8,10,12,14,16,18-nonaenedioate (**2**) {#sec4.1.6}

\[Method A: from **15**\]: To a stirred solution of BT-sulfone **11** (1.07 g, 3.04 mmol, 2 equiv) and the monocoupled product **15** (0.46 g, 1.53 mmol) in CH~2~Cl~2~ (40 mL), DBU (0.60 g, 3.97 mmol) was slowly added under an argon atmosphere. The mixture was stirred at room temperature for 24 h and quenched with 10% NH~4~Cl solution. The mixture was extracted with CH~2~Cl~2~, dried over anhydrous Na~2~SO~4~, filtered, and concentrated under reduced pressure. The crude product was purified by SiO~2~ flash column chromatography (5% EtOAc in hexanes) to give norbixin ethyl ester **2** (0.47 g, 1.07 mmol) in 70% yield as a deep-red powder.

\[Method B: from **11** and **12**\]: To a stirred solution of BT-sulfone **11** (2.14 g, 6.09 mmol, 4.0 equiv) and C~10~ dialdehyde **12** (0.25 g, 1.52 mmol) in CH~2~Cl~2~ (50 mL), DBU (1.01 g, 6.68 mmol) was slowly added under an argon atmosphere. The mixture was stirred at room temperature for 12 h and quenched with 10% NH~4~Cl solution. The mixture was extracted with CH~2~Cl~2~, dried over anhydrous Na~2~SO~4~, filtered, and concentrated under reduced pressure. The crude product was purified by SiO~2~ flash column chromatography (5--15% EtOAc in hexanes) to give the monocoupled product **15** (0.24 g, 0.80 mmol) and norbixin ethyl ester **2** (80 mg, 0.18 mmol) in 53 and 12% yields, respectively, as deep-red powders.

Data for **2**: *R~f~* = 0.41 (1:4 EtOAc/hexane); mp: 170--172 °C; ^1^H NMR δ = 1.31 (t, *J* = 7.2 Hz, 6H), 1.95 (s, 6H), 1.99 (s, 6H), 4.22 (q, *J* = 7.2 Hz, 4H), 5.88 (d, *J* = 15.6 Hz, 2H), 6.25--6.40 (m, 2H), 6.50 (d, *J* = 12.0 Hz, 2H), 6.51 (d, *J* = 14.4 Hz, 2H), 6.63 (dd, *J* = 14.4, 12.0 Hz, 2H), 6.64--6.74 (m, 2H), 7.38 (d, *J* = 15.6 Hz, 2H) ppm; ^13^C NMR δ 12.7, 12.8, 14.4, 60.2, 116.4, 124.5, 131.1, 133.6, 134.7, 136.9, 139.3, 141.6, 148.8, 167.5 ppm; IR (neat) ν = 2920, 2852, 1703, 1614, 1563, 1457, 1366, 1304, 1259, 1165, 1027, 976, 841, 753 cm^--1^; HRMS (ESI) calcd for C~28~H~36~O~4~Na 459.2506, found 459.2509.
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